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The functions of the National Bureau of Standards are set forth in the Act of Congress. March
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maintenance of the national standards of measurement and the provision of means and methods for
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of standard practices, codes, and specifications. The work includes basic and applied research.
development, engineering, instrumentation, testing, evaluation, calibration services, and various
consultation and information services. Research projects are also performed for other government
agencies when the work relates to and supplements the basic program of the Bureau or when the
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The results of the Bureau’s work take the form of either actual equipment and devices or pub-
lished papers. These papers appear either in the Bureau’s own series of publications or in the journals
of professional and scientific societies. The Bureau itself publishes three periodicals available from
the Government Printing Office: The Journal of Research, published in four separate sections,
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and preliminary reports on work in progress; and Basic Radio Propagation Predictions provides
data for determining the best frequencies to use for radio communications throughout the world.
There are also five series of nonperiodical publications: Monographs, Applicd Mathematics Series,
Handbooks, Miscellaneous Publications, and Technical Notes.

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of the
National Bureau of Standards ($1.25) and its Supplement ($1.50), available from the Superintendent
of Documents, Government Printing Office, Washington 25, D.C.
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Abstract

A bibliography of approximately 700 references is presented
on the physical equilibria and related properties of several important
cryogenic systems. The systems considered are the pure compo-
nents and mixtures of: Hydrogen, Helium, Nitrogen, Carbon Dioxide,

Carbon Monoxide, Methane, Ethane, and Propane.
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1. Introduction
1.1 Purpose
Gases to be liquefied are frequently obtained as by-products
from some parent source, and may contain very large amounts of im-
purities, Determining the method of removal of the impurities is
difficult since the systems are seldom ideal, and may deviate from
g some theoretical models by factors of several thousand. Research in
the area of physical equilibria attempts to present the problem from a
. fundamental viewpoint so that accurate predictions and designs can be

made,

Any serious effort to predict physical equilibria demands at
least two types of information, sine qua non. First, a precise des-
cription of the P-V-T behavior of the pure components. Second, a
precise description of the mixture: the P-V-T behavior, or the inter-
action of the different molecular species, and the like.

Information in these categories appears in several forms and in

many places in the scientific literature. It is the purpose of this
paper to present results of a literature search in this field. The
search was intended to discover, as completely as possible, that work
in phenomena and properties, experimental and theoretical, related
to the physical equilibria of a few selected systems.

The systems selected were those of primary interest in cryo-
genics. They included the pure components and mixtures of:
Hydrogen, Helium, Nitrogen, Carbon Dioxide, Carbon Monoxide,
Methane, Ethane, and Propane.

Oxygen and the higher hydrocarbons were deliberately excluded

- as primary systems since their behavior has already been thoroughly
reported in the literature of air separation and petroleum, respect-

ively. They were included, however, as '""Other Components' within

the primary systems.
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1.2 Organization
The information is presented in three principal parts:
I. Phenomena, II. Properties, and III, Bibliography of References.
The following outline delineates the arrangement., For the sake
of brevity, the sub-headings are given only once in each principal

part. They are, of course, repeated for each component,
Organization Outline

I. Phenomena
A, Hydrogen .
1. Phase equilibria
2, Fugacity, activity
3. Adsorption, on charcoal
4, Adsorption, on silica gel
5. Adsorption, on other adsorbents
B. Helium
1. -- 5.

C. Nitrogen

1, -- 5,
D. Carbon Dioxide
1. -- 5,

E, Carbon Monoxide

1. -- 5,
F., Methane

1. -- 5,
G. Ethane

1. -- 5.
H. Propane

1. -- 5.




1I. Properties

A,

Hydrogen
1. P-V-T General
. Vapor pressure
« Critical constants, and triple point

. Compressibility isotherms

2
3
4
5. Density, molar volume (of a condensed phase)
6. Equations of state, general

7. Corresponding states

8. Beattie - Bridgeman

9. Benedict - Webb - Rubin

10. Potential forms, general

11, Virial coefficients

12, Lennard - Jones 6 - 9 potential
13, Lennard - Jones 6 - 12 potential

Helium

1. -- 13,
Nitrogen

1. -- 13,

Carbon Dioxide

1. -- 13,
Carbon Monoxide
1. -- 13,
Methane

1. -- 13,
Ethane

1. -- 13,




H. Propane

1. -- 13,

III., Bibliography of References
(Listed alphbetically by first author)

I.

1.3 Scope

Areas Searched

Indexes, when available, were searched under the

following headings:

1.
2,
3.
4.
5.
6.
7.
8

acetylene
adsorbents
adsorption
carbon dioxide
carbon monoxide
ethane

ethene (ethylene)

gases

9.
10.
11.
12,
13,
14.
15,
16,

helium

hydrogen

methane

nitrogen

propane

propene (propylene)
purification

solubility

The sub groups searched within these general headings

were:

1.

LS Y - N VA R AN

Analysis: detection, determination, chromoto-

graphy, mass spectrometry

Adsorption: by various agents, of mixtures

Absorption

Cryostat: cryogenics

Distillation




10,

11,
12,

13,

Liquefaction: condensation, melting point,
solidification

Mists: analysis of, formation, separation,
supersaturation

Physical equilibria: phase diagrams
Purification: impurities, separation, removal,
drying

P-V-T: equations of state, critical constants,
compressibility, vapor pressure, specific
volume, fugacity

Reviews: bibliographies

Solubility: dissolved, determination, theory of,
laws of

Thermodynamic properties

For the years of Chemical Abstracts for which no indexes

are available, the following sections were searched:

a.
b.
C.

- d.
e.

f.

(1)
(2)
(6)
(7)
(13)
(22)

Apparatus, plant equipment and Unit Operations
General and Physical Chemistry

Inorganic Chemistry

Analytical Chemistry

Miscellaneous and Industrial Products

Petroleum
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II. The Abstracts, Indexes, and Lists searched were:

1. Chemical Abstracts, 1907 to date. -

2. British Chemical Abstracts, 1926 through 1953,

3. FIAT Review of German Science, 1936-1946,
Vols. 27b (Inorganic Chemistry, Part V;
Equilibrium Investigation on Inorganic Substances);
Gas Analysis); and 30a (Physical Chemistry;
adsorption and desorption).

4, Chemisches Zentralblatl, 1955 only.

5. Doctoral Dissertations accepted by American
Universities, 1949-1955,

6. Index to American Doctoral Dissertations,
Combined with Dissertation Abstracts, 1955 to
date.*

7. Index to theses accepted for Higher Degrees in
the Universities of Great Britain and Ireland,
1951 to date.

8. Bibliography of Translations from Russian
Scientific and Technical Literature. 1953-1956
(no more published).

9. Translation Monthly, 1955-1958.

10, Monthly List of Russian Accessions. 1948 to
date.*

11. Deitz, V., R., Bibliography of Solid Adsorbents,
1900 to 1942, and 1943 to 1953.

12. Rose, Arthur and Elizabeth, Distillation Litera-

ture Index and Abstract, 1946 to 1952, and 1953
to 1954,

'""to date' means through and including the most recent issue
available on October 1, 1959,




13. A few selected journals were searched issue by
issue from January, 1958, to date, * since it was
possible that these issues had not yet been fully
abstracted. The journals searched in this
manner were:

a. A.I,Ch.E. Journal
b. Chemical Engineering Progress
c. Industrial and Engineering Chemistry

d. Journal of the American Chemical Society

1.4 Acknowledgements

This work simply never would have been compiled without the
aid of many able persons of the National Bureau of Standards Cryo-
genic Engineering Laboratory staff. Recognition is due: Mr. D. E,.
Drayer, who performed the bulk of the search; Mr., A, J. Kidnay for
help in compiling and proofing; Mrs. B. E. Douglas for typing the two
principal indicies; and especially to Mrs. L, E. Merritt for the
painstaking and exhausting typing of the bibliography.

The author also wishes to acknowledge the aid of the Cryogenic
Engineering Laboratory Data Center, under the direction of Mr. V.,
J. Johnson. This able group advised the preparation of the primary
information retrieval system, and supplied many of the original

papers for review,
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Phenomenon
Major Component
HYDROGEN
Category Other Components References
Phase Helium 568
Equilibria
Nitrogen 17, 88, 169, 205, 226, 2217,

231, 374, 420, 472, 637

Nitrogen and 2
Carbon Dioxide
Nitrogen and 3

Carbon Dioxide and
Carbon Monoxide

Nitrogen and
Carbon Monoxide

10, 169, 184, 204, 539,
637

Nitrogen and
Methane

131, 132, 133, 572

Nitrogen and
Methane and
Carbon Monoxide

600

Nitrogen and
Methane and
Ethane

131, 132, 133

Nitrogen and
Ethene

435

Carbon Dioxide

1, 3, 186, 236, 426, 605

Carbon Dioxide and
Nitrogen

2
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Phenomenon
Major Component

HYDROGEN

(continued)
Category Other Components References
Phase Carbon Dioxide and 3
Equilibria Nitrogen and
(continued) Carbon Monoxide

Carbon Monoxide

169,227, 637

Carbon Monoxide and
Nitrogen

10, 169, 184, 204, 539,
637

Carbon Monoxide and 3
Nitrogen and
Carbon Dioxide

Carbon Monoxide and 600

Nitrogen and
Methane

Methane

56, 57, 58, 59, 187, 193,
194, 207, 226, 227, 653

Methane and
Nitrogen

131, 132, 133, 572

Methane and
Nitrogen and
Carbon Monoxide

600

Methane and
Nitrogen and
Ethane

131, 132, 133

Methane and
Ethane

353




Phenomenon

Major Component

HYDROGEN
(continued)
Category Other Components T References
Phase Methane and 56, 57, 58, 59
Equilibria Ethane and
(continued) Propane
Methane and 56, 57, 58
Propane
Methane and 57, 58
Propene
Ethane 352, 612, 663
Propane 59, 96, 663
Propene 59
i
Fugacity, 605
Activity
Helium 370
Adsorption, 32, 97, 118, 140, 158, 159,
Charcoal 161, 164, 214, 237, 315,
325, 326, 351, 367, 395,
475, 499, 527, 580, 588,
595, 610, 611, 618, 624
Nitrogen 12
Carbon Dioxide 268, 366, 372
Adsorption, 140, 408, 512, 513, 616
Silica Gel

|

Nitrogen

12, 290
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Phenomenon
Major Component

HYDROGEN

(continued)
*
Category Other Components References
Adsorption, 23, 33, 86, 202, 274, 289,
Other 363, 373, 440, 463, 487,
Adsorbents 489, 622, 623
— -
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Phenomenon
Major Component
HELIUM
Category Other Components References
Phase Hydrogen 568
Equilibria
Nitrogen 79, 80, 198, 228, 320,
536, 537
Nitrogen and 79, 80, 583
Methane and
Ethane
Nitrogen and 79, 80
Methane and
Ethane and
Propane
Carbon Dioxide 186, 603
Methane 229, 230
Propane 604
Argon 300, 301
Fugacity, 370
Activity
Nitrogen 228
Adsorption, 18, 127, 159, 181, 192, 238,
Charcoal 297, 396, 403, 551, 615,
620, 621, 626
Nitrogen 346, 430, 678
Methane 346
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Phenomenon
Major Component
HELIUM
(continued)
Category Other Components References
Adsorption, 614
Silica Gel
Oxygen 345
Adsorption, 206, 312, 386
Other

Adsorbents




Other Components

References

Hydrogen 17, 88, 169, 205, 226, 227,
231, 374, 420, 472, 637
Hydrogen and 2
Carbon Dioxide
Hydrogen and 3

Carbon Dioxide and
Carbon Monoxide

Hydrogen and
Carbon Monoxide

10, 169, 184, 204, 539,
637

Hydrogen and
Carbon Monoxide and
Methane

600

Hydrogen and
Methane

131, 132, 133, 572

Hydrogen and
Methane and
Ethane

131, 132, 133

Helium

79, 80, 198, 228, 320, 536,
537
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Phenomenon
Major Component
NITROGEN
(continued)
Category Other Components References
Phase Carbon Dioxide 1, 3, 200, 426, 605
Equilibria
(continued) Carbon Dioxide and 2
Hydrogen
Carbon Dioxide and 3
Hydrogen and
Carbon Monoxide
Carbon Dioxide and 648

Argon

Carbon Monoxide

169, 203, 294, 334, 534,
538, 558, 570, 571, 637

Carbon Monoxide and
Hydrogen

10, 169, 184, 204, 539,
637

Carbon Monoxide and
Hydrogen and
Methane

600

Methane

71, 72, 113, 114, 195,
197, 199, 404, 581, 598,
599, 635

Methane and
Hydrogen

131, 132, 133, 572

Methane and
Helium and
Ethane

583

Methane and
Ethane

131, 132, 133




Phenomenon

17

Major Component

NITROGEN
(continued)
Category Other Components References
Phase Methane and 584
Equilibria Ethane and
(continued) Propane and
Butane
Ethane 137, 176, 507
Ethene 137, 606, 607
Acetylene 200, 286
Propane 635
Propene 137, 607
Butane 9
Benzene 518, 519
Argon 163, 196, 277
Argon and 257, 347, 651
Oxygen
Fugacity, 75, 370
Activity i
Helium 228
Methane 75
Ethane 492




Phenomenon

18

Major Component

NITROGEN
(continued)
Category :r Other Components References
Adsorption, 20, 21, 22, 97, 109, 118,
Charcoal 149, 150, 159, 161, 180,
201, 215, 218, 275,278,
279, 283, 296, 302, 314,
365, 400, 405, 436, 499,
508, 511, 525, 527, 595,
609, 640, 641, 664, 665
Hydrogen 12
Helium 346, 430, 678
Oxygen 12
Carbon Dioxide 268
Adsorption, 90, 108, 145, 172, 173,
Silica Gel 179, 222, 296, 330, 337,
376, 480, 565, 589, 616,
665
Hydrogen 290
Oxygen 345, 366
Carbon Dioxide 673
Carbon Monoxide 666
Methane 666
Adsorption, 23, 33, 86, 433, 546, 622,
Other 644, 677
Adsorbents
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Phenomenon
Major Component
CARBON DIOXIDE
Category Other Components References
Phase Hydrogen 1, 3, 186, 236, 426, 605
Equilibria j}—
Hydrogen and 2
Nitrogen
Hydrogen and 3
Nitrogen and
Carbon Monoxide
Helium 186, 603
Nitrogen 1, 3, 200, 426, 605
Nitrogen and 2
Hydrogen
Oxygen 200
Carbon Monoxide 1, 3
Carbon Monoxide and 3

Nitrogen

Methane 170, 171, 500, 605
Ethane 117, 502, 529
Ethene 110, 117, 124, 256, 529,
606
Ethene and 564
Propane
Acetylene 116
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Phenomenon
Major Component
CARBON DIOXIDE
(continued)
Category Other Components References
Phase Propane 8, 144, 488, 506
Equilibria
(continued) Propane and 564
Ethene
Butane 450, 488
Butanes and 406, 407, 470, 488, 575
Higher
Hydrocarbons
Fugacity, 152, 375
Activity
Adsorption, 67, 208, 215, 217, 278,
Charcoal 279, 367, 368, 499, 511,
516, 525, 526, 595, 609
Hydrogen 268, 366, 372
Nitrogen 268
Oxygen 268
Carbon Monoxide 366
Ethene 67, 366
Acetylene 557
Adsorption, 108, 632
Silica Gel
Nitrogen 673
Oxygen 673




21

Phenomenon
Major Component
CARBON DIOXIDE
(continued)
Category Other Components References
Adsorption, 288, 451, 644
Other

Adsorbents
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Phenomenon
Major Component
CARBON MONOXIDE
Category Other Components References
Phase Hydrogen 169, 227, 637
Equilibria
Hydrogen and 10, 169, 184, 204, 539,
Nitrogen 637
Hydrogen and 3
Nitrogen and
Carbon Dioxide
Hydrogen and 600
Nitrogen and
Methane
Nitrogen 169, 203, ZJ«, 334, 534,
538, 558, 570, 571, 637
Nitrogen and 10, 169, 184, 204, 539,
Hydrogen 637
Carbon Dioxide 1, 3
Methane 674
Propane 659
Propene 659
Other 470, 659
Hydrocarbons
Fugacity, 370
Activity
Adsorption, 97, 180, 215, 278, 279,
Charcoal 499, 525, 527, 625
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Phenomenon
Major Component
CARBON MONOXIDE
(continued)

Category Other Components References
Adsorption, Carbon Dioxide 366
Charcoal
(continued)
Adsorption, 480, 513, 589
Silica Gel

Nitrogen 666

Methane 666
Adsorption, 23, 216, 363, 486, 487,
Other 644
Adsorbents
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Phenomenon
Major Component
METHANE
Category Other Components References
Phase Hydrogen 56, 57, 58, 59, 187, 193,
Equilibria 194, 207, 226, 227, 653

Hydrogen and
Nitrogen

131, 132, 133, 572

Hydrogen and
Nitrogen and
Carbon Monoxide

600

Hydrogen and
Nitrogen and

131, 132, 133

Ethane

Hydrogen and 353
Ethane

Hydrogen and 362
Ethene

Hydrogen and 56, 57, 58
Propane

Hydrogen and 56, 57, 58
Propene

Helium 229, 230

Helium and 583
Nitrogen and
Ethane

Helium and 79, 80

Nitrogen and
Hydrocarbons
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Phenomenon
Major Component
METHANE
(continued)
Category Other Components References
Phase Nitrogen 71, 72, 113, 114, 195, 197,
Equilibria 199, 404, 581, 598, 599,
(continued) 635
Nitrogen and 131, 132, 133, 572
Hydrogen
Nitrogen and 600

Hydrogen and
Carbon Monoxide

Nitrogen and 131, 132, 133, 572
Hydrogen and
Ethane
Nitrogen and 583
Helium and
Ethane
Nitrogen and 79, 80
Helium and
Hydrocarbons
Oxygen 19, 195
Carbon Dioxide 170, 171, 500, 605
Carbon Monoxide 674
Ethane 91, 251, 534, 535, 540,
612
Ethane and 353

Hydrogen




Phenomenon

Major Component

METHANE
(continued)
Category Other Components References
Phase Ethane and 131, 132, 133
Equilibria Hydrogen and
(continued) Nitrogen
Ethane and 583
Helium and
Nitrogen
Ethane and 246, 441
Ethene
Ethene 243, 245, 361, 441, 639
Ethene and 362
Hydrogen
Propane 7, 251, 504, 544, 545,
612, 649
Propane and 56, 57, 58
Hydrogen
Propene and 56, 57, 58
Hydrogen
Fugacity, 75, 370, 547, 605
Activity
Nitrogen 75
Propane 64
Adsorption, 32, 76, 183, 214, 215, 218,
Charcoal 278, 279, 327, 329, 332,

354, 377, 436, 471, 499,
511, 609, 645, 650
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Phenomenon
Major Component
METHANE
(continued)
Category Other Components References
Adsorption, Nitrogen 12
Charcoal
(continued) Ethane 633
Propane 633, 645
n - Butane 633, 645
Adsorption, 354, 480, 513, 614
Silica Gel
Nitrogen 666
Carbon Monoxide 666
Ethane 129
Adsorption, 233, 363, 563
Other

Adsorbents
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Phenomenon
Major Component
ETHANE
Category Other Components References
Phase Hydrogen 352, 612, 663
Equilibria
Hydrogen and 131, 132, 133
Nitrogen and
Methane
Hydrogen and 353
Methane
Hydrogen and 567
Ethene
Hydrogen and 56, 57, 58, 59
Hydrocarbons
Nitrogen 137, 176, 507
Nitrogen and 79, 80
Helium and
Hydrocarbons
Oxygen 19, 137
Carbon Dioxide 117, 502, 529
Methane 91, 251, 534, 535, 540,
612
Methane and 353
Hydrogen
Methane and 131, 132, 133
Hydrogen and
Nitrogen




Phenomenon

Major Component

ETHANE
(continued)

Category Other Components References
Phase Methane and 57, 58, 59
Equilibria Hydrogen and
(continued) Hydrocarbons

Methane and 246, 441

Ethene
Ethene 253
Ethene and 397
Acetylene

Acetylene 116
Fugacity, 492
Activity
Adsorption, 97, 183, 218, 278, 279,
Charcoal 332, 354, 436, 462, 471,

499, 643, 650

Methane 633
Adsorption, 354, 643
Silica Gel

Methane 129

Propane 642
Adsorption, 522, 591
Other
Adsorbents




30

Phenomenon
Major Component
PROPANE
Category Other Components References
Phase Hydrogen 59, 96, 663
Equilibria
Hydrogen and 56, 57, 58, 59
Methane
Helium 604
Helium and 79, 80
Nitrogen and
Hydrocarbons
Nitrogen 635
Nitrogen and 584
Hydrocarbons
Oxygen 19
Carbon Dioxide 8, 144, 488, 506
Carbon Monoxide 659
Methane 7, 251, 504, 544, 545,
Propene 252, 505
Fugacity, 64
Activity
Adsorption, 62, 183, 218, 332, 354,
Charcoal 436, 462, 471, 499, 645,

650

Methane

633, 645
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Phenomenon

Major Component

PROPANE
(continued)
Category Other Components References
Adsorption, Propene 357
Charcoal
(continued) n - Butane 645
Adsorption, 354, 515
Silica Gel
Ethane 642
Ethene 355
Propene 357
Adsorption, 591
Other
Adsorbents
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3.0

Properties Index
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Properties
Major Component
HYDROGEN
Category Other Components References
P-V-T 235, 262, 291, 292, 656,
General 658, 669
Nitrogen 34, 419, 608
Nitrogen and 338
Carbon Dioxide
Carbon Dioxide 338
Compressibility 4, 6, 34, 35, 52, 85,
Isotherms 220, 247, 272, 273, 293,
384, 424, 445, 446, 448,
452, 456, 477, 560, 576,
577, 590, 601, 638, 661,
669, 680
Helium 52, 220, 590
Nitrogen 34, 35, 60, 209, 338,

340, 359, 380, 418, 638,
661

Nitrogen and 338, 380
Carbon Dioxide
Nitrogen and 74, 340

Methane

Carbon Dioxide

338, 380, 636

Carbon Monoxide

560, 587, 601

Methane

207, 340
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Properties
Major Component
HYDROGEN
(continued)
Category Other Components References
Compressibility Methane and 74, 340
Isotherms Nitrogen
(continued)
Vapor 27, 105, 111, 122, 190,
Pressure 211, 235, 239, 270, 427,
428, 561, 656, 669

Critical 27, 61, 211, 242, 260,
Constants 262, 271, 306, 349, 476,
and Triple 477, 478, 627, 655, 656,
Point 669, 670
Density, 30, 160, 387, 401, 456,
Molar Volume 532, 552, 562, 669

Nitrogen 75
Compressibility 212, 669, 675
Factor, Z

Nitrogen 34, 60, 543
Equation of 51, 123, 213, 265, 333,
State, General 339, 438, 531, 613, 652,

669

Nitrogen 339, 380, 466

Carbon Dioxide 339

Carbon Monoxide 380
Corresponding 5, 370

States
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Properties
Major Component
HYDROGEN
(continued)
Category Other Components References
Beattie- 43, 44, 156, 381, 585
Bridgeman
Nitrogen 46, 154, 169
Nitrogen an. 16y
Carbon Monoxide
Carbon Monoxide 46, 169
Benedict- 17
Webb~Rubin
Virial 4, 305, 322, 379, 416,
Coefficients 417, 429, 444, 553, 619

Helium

295

Nitrogen

177, 295, 473, 515

Carbon Dioxide

136, 177

Carbon Monoxide

295, 473, 515

Methane 177
Lennard-Jones 148
6-9 Potential

Helium 590
Lennard-Jones 148

6-12 Potential




Properties

Major Component

HELIUM

Category Other Components References
P-vV-T 16, 235, 306, 438
General
Nitrogen 335
Compressibility 6, 85, 92, 98, 115, 272,
Isotherms 273, 308, 311, 384, 387,
453, 454, 474, 477, 478,
660
Hydrogen 52, 220, 590
Carbon Dioxide 255
Vapor 13, 14, 69, 119, 235, 242,
Pressure 306, 389, 427, 583,617
Critical 61, 262, 306, 389, 476,

Constants and
Triple Points

477, 478, 623, 627

Density,
Molar Volume

1, 77, 175, 234, 249,
264, 298, 548

Compressibility
Factor, Z

79, 80, 583

Carbon Dioxide

254

Equation of

134, 148, 262, 298, 328,

State, 382, 439, 455, 479, 533,
General 555, 681
Corresponding 370

States
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Properties
Major Component
HELIUM
{continued)
Category Other Components References
Beattie~ 44, 381, 585
Bridgeman
Virial 4, 106, 240, 299, 309,
Coefficients 311, 313, 316, 323, 324,
379

Hydrogen 295

Nitrogen 177, 336

Argon 295

Carbon Dioxide 135, 177, 255, 474
Lennard-Jones 148, 299
6-9 Potential

Hydrogen 590

Argon 590
Lennard-Jones 148
6-12 Potential
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Properties
Major Component
NITROGEN
Category Other Components References
P-V-T 53, 235, 287, 349, 530
General
Hydrogen 34, 419, 608
Hydrogen and 338
Carbon Dioxide
Helium 335
Methane 72
Ethane 176
Compressibility 35, 37, 41, 85, 153, 157,
Isotherms 272, 394, 474, 638
Hydrogen 34, 35, 60, 209, 338,
340, 359, 380, 418, 638,
661
Hydrogen and 338, 380
Carbon Dioxide
Hydrogen and 74, 340
Methane
Carbon Dioxide 250, 380
Carbon Monoxide 597
Methane 318, 340
Methane and 74, 340

Hydrogen
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Properties
Major Component
NITROGEN
(continued)
Category Other Components References
Vapor 24,79, 84, 142, 163, 210,
Pressure 219, 235, 242, 260, 261,
265, 276, 287, 307, 310,
427, 451, 484, 491, 520,
583, 657, 672
Critical 104, 261, 306, 348, 349,

Constants and
Triple Points

457, 476, 478, 484, 657

Density,
Molar Volume

75, 84, 160, 387, 532,
566, 667

Hydrogen 75
Compressibility 34, 79, 80, 125, 265,
Factor, Z 370, 421, 438, 477, 484,
528, 583, 667
Hydrogen 34, 60, 543
Hydrogen and 543
Carbon Dioxide and
Carbon Monoxide and
Methane
Methane 73, 587
Ethane 176
Ethene 248
Propane 647
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40
Properties
Major Component
NITROGEN
(continued)
Category Other Components References
Equation of 265, 266, 321, 331, 383,
State, General 388, 421, 432, 433, 465,
) 467, 477, 480, 555, 582,
629, 667
Hydrogen 339, 380, 466
Methane 199, 318, 339, 628
Corresponding 370, 443, 630
States
Beattie-~ 44, 153, 480, 585, 586
Bridgeman
Hydrogen 46, 169, 154
Hydrogen and 169
Carbon Monoxide
Carbon Monoxide 169
Methane 45, 46
) Benedict- 17, 480, 581
Webb-Rubin
_. Hydrogen 17
Carbon Monoxide 558
Virial 106, 304, 305, 379, 443,
Coefficients 474, 581, 654
Hydrogen 177, 295, 473, 515




41

Properties
Major Component
NITROGEN
(continued)
L
Category Other Components References
Virial Helium 177, 336
Coefficients
(continued) Oxygen 295
Carbon Dioxide 136, 177, 474
Methane 177
Lennard-Jones 349

6-9 Potential

Lennard-Jones
6-12 Potential

221, 519, 592




42

Properties
Major Component
CARBON DIOXIDE
Category Other Components References
P-V-T 235, 414, 496
General
Hydrogen 338
Hydrogen and 338
Nitrogen
Ethane 502
Ethene and 564
Propane
n - Butane 450
Vapor 82, 117, 188, 235, 409,
Pressure 410, 434, 458, 484, 593,
676
Critical 102, 423, 484

Constants and
Triple Points

Compressibility
Isotherms

39, 40, 107, 247, 258,
387, 411, 412, 448, 574

Hydrogen

338, 380, 636

Hydrogen and

34, 35, 338, 359, 380,

Nitrogen 638
Helium 255
Nitrogen 250, 338
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Properties
Major Component
CARBON DIOXIDE
(continued)
Category Other Components References
Compressibility Nitrogen and 34, 35, 338, 359, 380,
Isotherms Hydrogen 638
(continued)
Compressibility 438, 484
Factor, 7
Hydrogen and 543
Nitrogen and
Carbon Monoxide and
Methane
Helium 254
Methane 500
Equation of 139, 266, 331, 383, 432,
State, General 582, 586, 634
Hydrogen 380
Corresponding 125
States
Ethene 110
Beattie- 83, 281, 381, 585
Bridgeman
Virial 126, 136, 304, 371, 379,
Coefficients 553, 592
Hydrogen 136, 177
Helium 135, 177, 255, 474
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Properties
Major Component
CARBON DIOXIDE
(continued)
Category Other Components References
Virial Nitrogen 136, 177, 474
Coefficients
(continued) Oxygen 136, 177
Carbon Monoxide 136
Ethene 177
Lennard-Jones 221, 519, 592

6-12 Potential




Properties

45

Major Component

CARBON MONOXIDE

Category Other Components References

P-V-T 182, 235, 530

General

Vapor 120, 143, 235, 241, 265,
Pressure 389, 390, 422, 672
Critical 104, 143, 244, 389, 390,

Constants and
Triple Points

478

Compressibility 36, 37, 78, 223,224,
Isotherms 258, 394, 476, 560, 574
Hydrogen 560, 587, 601
Nitrogen 597
Density, 104, 157, 160
Molar Volume
Methane 103

Compressibility
Factor, Z

265, 438, 517, 528

Hydrogen and
Nitrogen and
Carbon Dioxide and
Methane

543

Equation of
State, General

155, 265, 467, 549

Hydrogen

339
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Properties
Major Component
CARBON MONOXIDE
(continued)

Category Other Components References
Corresponding 125, 189, 244, 370
States
Beattie- 381, 549
Bridgeman

Hydrogen 46, 169

Hydrogen and 169

Nitrogen

Nitrogen 169
Benedict- 549, 558
Webb-Rubin

Nitrogen 558
Virial 391
Coefficients

Hydrogen 295, 473, 515

Carbon Dioxide 136
Lennard-Jones 221

6-12 Potential




47

Properties
Major Component
METHANE
Category Other Components References
P-V-T 72, 87, 100, 165, 225,
General 232, 319, 342, 468
Nitrogen 12
Ethane 280
Propane 280
n - Butane 280, 503
Vapor 26, 70, 79, 81, 121, 130,
Pressure 178, 241, 259, 303, 317,
319, 344, 360, 484, 510,
573, 579, 583, 594, 602,
672, 679
Critical 42, 101, 103, 104, 141,

Constants and
Triple Point

178, 225, 244, 317, 319,
425, 476, 477, 478, 481,
523, 524, 602, 623, 631

Compressibility
Isotherms

207, 413
Hydrogen 207, 340
Hydrogen and 74, 340
Nitrogen
Nitrogen 318, 340
Ethane 415




48
Properties
Major Component
METHANE
(continued)
Category Other Components References
Density, 121, 263, 387, 393, 431,

Molar Volume

532, 541, 554, 578

Carbon Monoxide

103

Compressibility
Factor, 2

15, 79, 80, 89, 438, 477,
484, 583

Hydrogen and 543
Nitrogen and
Carbon Dioxide and
Carbon Monoxide
Nitrogen 73, 587
Carbon Dioxide 500
Ethane 587
n -~ Butane 587

Equation of
State, General

258, 331, 383, 432, 464,
467, 477

Nitrogen 199, 318, 339, 628
Corresponding 225, 251, 285, 461, 586
States
Beattie- 43, 44, 381, 519, 585
Bridgeman

Nitrogen 45, 46
Benedict- 54, 55, 459, 560, 461,

Webb-Rubin

482, 483, 581
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Properties
Major Component
METHANE
(continued)
Category Other Components References
Virial 304, 485, 556, 587
Coefficients
Hydrogen 177
Nitrogen 177
Lennard-Jones 221

6-12 Potential
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Properties
Major Component
ETHANE

Category Other Components References
P-V-T 100, 232
General

Nitrogen 176

Carbon Dioxide 502

Methane 280

Propene 378, 402, 494
Vapor 79, 94, 95, 117, 130, 151,
Pressure 178, 360, 364, 490, 583,

593, 594, 679

Critical 42, 50, 102, 524
Constants and
Triple Point
Compressibility 38, 47, 49, 146, 501
Isotherms

Methane 415

Propene 378, 493, 494
Density, 263, 578
Molar Volume
Compressibility 79, 80, 333
Factor, Z

Nitrogen 176

Methane 587
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Properties
Major Component
ETHANE
(continued)
Category Other Components References

Equation of
State, General

47, 139, 162, 258, 331,
383, 549, 629

Corresponding 18, 110, 125, 284, 461,
States 586

Beattie-~ 381, 549, 585
Bridgeman

Benedict- 54, 55, 459, 460, 461,
Webb-Rubin 482, 549

Virial 521

Coefficients
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Properties
Major Component
PROPANE

Category Other Components References
P-V-T 232
General

Carbon Dioxide and 564

Ethane

Methane 280

Propene 505
Vapor 79, 93, 95, 151, 178, 191,
Pressure 360, 593, 594, 679
Critical 138, 178, 343, 369, 523,
Constants and 524
Triple Point
Compressibility Propene 358
Isotherms
Density, 263, 385, 578
Molar Volume
Compressibility 79, 80, 191
Factor, Z

Nitrogen 647
Equation of 258, 331, 383
State, General
Corresponding 18, 125, 284, 461
States




Webb-Rubin

53
Properties
Major Component

PROPANE

(continued)
Category Other Components References
Beattie-~ 48, 381, 585
Bridgeman
Benedict- 54, 55, 459, 461, 482
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